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1, Henry . ^^OP 

Figure 1: Biopolymer-Proinsulin Fusion Protein Expression 



A. Cup per Muined 



B. Coomassie R-250 Stuin 



ed 




24 kDa 2 S.4.<to 
► 



, PAGE: 15% Glycine large gel 
A. Copper Stained ; Gel rinsed in water for 10 rain, stained with 0.3M,CuCl, for Sm iiu and rinsed in 

water for 3 min. ~ : ■ 

i*. Coornassie R-250 Stained: The same gel was first rinsed for 20min in wate r and then stained for lhr, 
_ and destamed overrught. ~" ' r— — — — 

\A. aad B- Lanes. h Prestained Marker (BioRad) : 2. Sonic extract of pSBL-OC-XaPri s ; 3. reverse 
orientation of fusion protein of dSBL -OC- XaPris: 4, Sonic extract of pLD-OC-XaPris: 5. inverse 



orientation o f pLD-OC- XaPris; 6 T Sonic extract of £ coli strain XL-1 Blue containing no plasmid. 



C. Western Blot of Biopolymer-Proinsulin Fusion Protein 
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| Fusion protein in 
water (24kD) 



Purified Proinsulin (9 kDa) 



Fusion proicin in 
6M Gua-HCl 



- Cleaved 
Proinsulin 
(9 kDa) 
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4- I 



Purified 
Proinsulin (9 kDa) 



Cleaved Proinsulin 
(9 kDa) 



I. Lanes. 1. BioRad Prestained , Marker: 1 , lllg of II Lanes. 1. BioRad Paine d Marker; - 

^untied Human Proinsuli n: 3. 5ug of pSBL-OC- 5ug of Purified Human Proinsulin; 3, Sonic 

XaPns (soru cation and purification of biopolvmer , extract of pSBL-OC-XaPris ex pressing cells 



twice); 4, Negative control, XL-1 Blue R. coli: 5. (6M Guanidine Hydrochloride Phosp hate 

Snnir pYh-a^r nCDr • it , ^ * r n ~~ ™* _ '" ' _ 1 r 




plasmid. 



ir— , Henry OCF-261P 

Figure 2: Confirmation of Chloroplast Integration by PCR 

of f olymer-Fromsi^tm Fusion Gene 




B. Confirmation ot'aac/A integration into the chloroplast genome - Primers: 3P/3M 



i.65 kb 



A. Lanes, 1 , 1 kb marker: 2. clone LI 9b (L=pLD-OC -XaPris) vectorO; 3. clone L9 (mutant): 4. LI : 
5, LSd: 6, L10a: 7. S30b (S=pSBL-OC -XaPris vector): 8. S20a; 9. S60: 10, S7a; 1 1. S28; 12 ? 



, S41b: 13. Petit h avana (not transgenicV,14 r Positive control fBADH gene present in chloroplasts 
from transgenic pln nts already confirmed') 



Confirmation of integration of aac/ A and biopolyrner-proinsuiin fusion genes into the 
chloroplast genome - Primers: 2P/2M ~ ~ ' : 



c. 



D. 

3.5kb-^ 
l.3kb- 



5 6 



PCR of pLD clones: [,;m^. I. lkb marker: PCR of pSBL clones: Lanes, L lkb marker: 

2, L17a; 3,L19b: L8d: L9; c». Petit havana 2. SI 7a: 3, S30b; 4. S7a; 5, S41b:6,. L9(mutant) 

.{not transg enic): pLD vector as positive 7. Petit havana (not tr ansgenic); 8, pSBL vector 

■ control ^ as positive control ^ 
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Henry DCF-261P 



Figure 3 : CTB Gene Expression and Chloroplast Integration 




Western Blot analysis of CTB 
expression in E.coli (15% PAGE): 

Lane 1 : Purified bacterial CTB (Q-Sp-g) ; 2 & 4: 
Transformed E.coli culture-24 h and 48 h res ply. : ^ 
3 & 5 : Untransformed E.coli culture- 24 h and 48 h 
resnly. , 



B 




1.65 kb 



_ > 



pJLD-LH-CTB (6.2 Kb) 




pLD flanking sequences 



1.3 kb 



.C PCR confirmation of tiac/A geoe integration 


D* PCR confirmation of integration of 


into chloroplast genome -3P/3M primers 


acid A and CTB gene into chloroplast 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 


jienome - 2P/2M primers 


« ~ — l 








■ w : 

PCR of clones of 1st. round of selection : 


PCR of clones of 2nd. round of selection : 


* Lane 1 : 1 Kb marker : 2 - 12: Plant total DNA 


Lane 1 : 1 Kb marker; 2 - 7 : Plant total DNA from 


from spec. r clones l-l I fN ote: Lanes 2 & 6 are 


spec/ clones I - 6 (Note: Lane 5 is a mutant); 8: pLD- 


mutants); 13: Untransformed plant: 14: dLD-LH- 


LH-CTB vector; 9: Untransformed plant ; 10 : No 


. CTB vector : 15: Nn DNA rpmplatP 


DNA template. . 
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■ Expression of bacterial operon in transgenic chlorojjlaste 
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Figure tV Crv2A nrotein concentration determin ed by EL1SA in 
tVnnsgenic leaves Note 100-fold increase i iii t protein accumulation in 
the presence of the putative chaperonin, QRF2. 



Figure 2 :Inmunogold labeled electron microscopy 
of mature transgenic [eat. ury^Aa/ crystals in a 
transgenic chloroplast expressing tne cry/A 



operon. 



■ Expression of a small (22aal peptide in transgenic chLoroplasts 



Bio ass ay P. aeruginosa 




Transgenic 



Untransformed 



Figured T.mvp.s w ph» infpr.tpH with 10 |il nf SxlO 5 . 

«i 1 nj< n * nl 1 n t rtl II _C 1"» * — DUnfni< 



8xl0 4 .8xl0 3 and 8xl0 2 cells off, syrinzae. Photos 
were taken 5 davs after inoculation. I- J. u£ ot 
antimicrobial peptide CAMP^ is required to kill 1000 
bacterial cells. ~ "Local concentration at the site of 
infection is e stimated to be 200-800tig AMP. 




Figure A. Total plant protein was mixed with 5ul of mid- 
loo phase bacteria from overnight cultur e, incuhated for 2 
hours at 25 U C at 125rpm and grow n in LB broth overnight. 
_ttagp.ri on minimum inhibitory conce ntration of 1-2 us_ 
AMP/1000 bacterial cells the express ion level was 
J calculated to he 21 .5-43% of the total soluble protein 



* Expression of Oligomeric form (disulfide bonded) CTB in transgenic chloroejagts. 
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Figure 5: CTB ELISA nuatification is shown as a percentage of the total soluble plant protein Total soluble 
plant protein from voung. mature and old leaves of trans yeng lines 3 and 7 ^^-^^-^ 
kanglloside binding ELISA assays: Elates c oated first witl v <JM I Eanpjiosides ana i as A were piaiec 
solufle plant protein from l£es 3 and 7, ^transformed plant total s o luble protein and punned Dacten aj 
abSorbance or the (JM l ganglioside-(Jlf3 antibody complex was measured. 



TB. The 



29 



1 Expression of CTB oligomers. 



« Expression & assembly of disulfide bonded 
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Guv's 13 monoclonal antibody 
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160 kD 




-11 



Figure 6: 12% reducing PAGE. Chemn y mi _^ escci y 
detection with rabbU anti-chole ra serum ii^ J anu AT 
labeled mouse ant -rabbit lgG (2») antibodies. 
Un transformed, boiledfn and unboiled C2); l 
boiled and.unboile< * 
unboiled m: Marker f 8). 



Fig ure?: A, B) reducing gels. 1 markers, 2:'t ransgenic 
^vfranf ^hnwmp P^r p.^nn light IAI ann nrnvy r.nTfln 

v . 1 1 t X _ 1. T I „ l..^. i^nf^rron^ /I • UlllTIQIl T (X A 1"*^ 



iPurified 



.ransrormeu, 
boiled ^bjanT 



fm in chloronlasts. 3: I Jntransforrn ed. 4: Human IeA, Q 
non-reducing gel. 1. Transgenic extra ct showing assembly, 
2: Untransto rrned, i: Human IgA. Blots A & C were 



detected with AP coniugatea . ^oai an u-numan jcappa 
antibody. Blot B was detected with AT conjugated goat 
anti-human IgA antibody. _ 



' Marker-free chloroplast transgenic plants. 



Selectable 
marker 


Plate 
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Total no. 
of leaf 
discs 
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responding 
leaf discs 
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of shoots/ 
plate 
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Table jp. Comparison of Spectinomycin 
aldyhyde as the selectable marker for the 
selection. _ "•, "■ 



and Betaine * 
first round "of 



"spectinomvcin selection. A. N. tabacum Petit Havana 
'■ control in kMOr 1 medium containing spectinomycin after 
rinvs. R Bombarded leaf discs selected o n spectinomycin 
in RMQP medium after 45 days. C Spectino mycin resistant 
clones cultured again (second round) to o btain homoolasmy. 
Petit Havana control m kMOP medium containing 



Betaine Aldehyde alter 12 days ot culture. E Bom barded 
leaf discs selected on Betaine Aldehyde in kmuk medium 



Codon composition and expression leyels. 



Open re a ding. Frame 


%TSP 


%A+T 


% psbA 


%cp tRNA 


Plastid miniproinsulin 
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66 


100 
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CTB 


4.1' 


66 
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34 


Cry2Aoperon 
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Plastid proinsulin 
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Antimicrobial peptide 


21 
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35 ... 


Gu^s light chain 
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Optimized biopolymer 
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40 


Guy's heavy chain 


<1% 
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44 


(Human proinsulin 


, 7 


38 


26 


44 



eat discs seiecieu uu pcidui^ ^'^"f^ »■ ^ T ^' 

12 davs of culture: arrow indicates unbombarded teat 
A | s fe as control. Note that 23 shoots are formed on a disc 



crpfprtp.H on hataine aldehyde against 1-2 shoots per disc on 
spectinomycin. F. Betaine aldehyde resistant clones cultured 
again (second rounaj to ooiain homoplasmy. 



■Table 2 (Left): Black indicates genes with un modified 
"na tive codon composition and their e xpression levels 
observed in transgenic cnioroplasts, ran ked by AT% in_ 



observed tn transgenic cmoropiasib. raiuvcu uy j^i /o m 
'ascending order, ked indicates Series to be investig ated. 
Husnadi efc al. (1W j> supgest mat a minimum ot r/o T SP 'is 
adequate for commercial feasability. Se e section dj tor 



details ot AT content, %psbA optimal cooons ana 7o ot 

v c"d ~ — 1 - Ll - 



protein 
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Biopolymer-Proinsulm Fusion Protein E xpression 



A. Copper Stained 



B. Coumassie U-250 Stained 



24 kDa 




24 kDa 




Fig^ A and B Lanes: 1, Prestained Marker (BioRad) ; 2j_ Sonic extracts of pSBL-Q C-XaPris ; 3, reverse 
orientation of insert in pSBL-OC- XaPris; 4, pLP-OC-XaPris; 5, rev erse orientation of pLD-OC- XaPn^ 
6, E. coil XL-1 Blue cells with no plasmid . 

Western Blots of BionolYtner-Proinsuli n Fusion Protein After Single Step purifica tion 
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^Fusion prti :cin i 
. 6$<3ua-HC! 



Fusion protein : nv V 
N^jfc' water (24kpJ 



gugficd Proinsulin (9 kDa) 



Cleaved 
Proinsulin 
(9 kDa) 
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.- Eusion protein r m 6M G.ua-HC! 



Cleaved Proinsul 



, Pufiiled 



(9. kDa) 



25 kDa 



Proinsul in 




Fig K): A. E. coli expression and 



cleavage JLanes: A , JtJiOKaa rrestalned 
Marker; 2, 3ug of Puritied Human 



kDa) 

: B. E« coli expression and 



Figlt): C. Transgenic chioropiast 
expression Lanes: K Purified E. 



cleavage Lanes' 1,RioRari 



coli protein from pJLD-OC-XaPris 



p rai r+nini>H Marker- ?, 5ug of 



expression; 2, negative control 



Proinsulin; 3, 5ug of pSBL-UOAaiTis; 
4, Negative control, reverse orleilUUiuii, 



Piirifipri Human Proinsulin; 3, 



(Petit Havana); 3-5, Chioropiast 



pgg L nn-yaPHq ffiM Guanidine transgenic lines. iNoie dlmer 



5.'dSBL expressing cells (6IvT 



- - • i.Dlii Q .C s-s^fi with nn nlnnmtd 



. Hydro chl"rH- pl — r hnt " R " ffcr tetramer and hexamer aggregate ui 



> pSBL 



■* I- Blue co/i with no pi asm icL 



Confirmation of chioropiast integration and hom oplasmv/heteroplasniY by Southern Blot Analysis 



6.67 kb 
4.47kb 




44. 

Figj-k Biopolymer-proinsulin fusion gene 
integratio n into the chioropiast genome confirmed 
bv Southern blot analysis. Lanes: 1 , Petit Havana 



by Southern blot analysis. Lanes: \ , Petit Havana " 
negative control); 2-5, pLU-UU-AaJr'ris clones i n ; 



6-8, pSBL-QC-XaPris clones T 0 ; 9, probe(positive 
control). Homo pi as my is seen in most transgenic 



lines while a few transge nic lines show 
heteroplasmy. 
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* Expression of bacterial operon in transgenic chloroplasts 
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Figure j-. Cry2A protein concentration determined by E LISA m" 
transgenic leaves. Not* UWUIold" increase m protein accumulation ial 
the presence of the p ^flli vp - clmpffl npin ORF?. 



Figure 2- :lnrnunofcold labeled electron microscop y 
ot mature transgenic teat. Dry^AaZ crystals in a 
"transgenic chloroplas't expressing the crv'^/v 



operon. . 




transgenic line 3 transgenic line 7 
19. *_ 



Fimire fr-AV-TTtt M.1SA qualification is shown as a percentage of the total soluble plant prot .em Total soluble 
plant protein from voung. mature and old leaves of transgenic lines 3 and 7 was a uan titled. B) CTB-^IYU 
'ganpnn5sirie hindinp F.T.Ts A assays: Plates coated first with UM1 Rangliosides and A were p lated witn total 

soluble pinnt protein' fi-nm 1ine<i 1 nnH 7 iinrrnn^fnr m Pn plant rntnl solnhle protein and nuntied hactenal iYltt. I lift - 

absorbance or the GM 1 ganglioside-CTB antibody complex was measured. 



Expression of CTB oligomers. 




Expression & assembly of disulfide boaded 
Guy's 13 monoclonal antibody 



IcDa 




extract showing expression of light (A) and heavy chain* 

(B) in chloroplasts, 3: Untranslormed, 4: Human IgAl C) ; 

Figure 12% reducing PAGE. Chemi luminescent t non-reducing gel, i . 1 ransgemc ^xira ct snowing assemoiy, " ' 



detection 1 with rabbit anti-cholera serum (l<h a nrf AP A: UntninsX^i.t^ ,31 HU1UUII IgA BlOB A Ac U ggT . 
Labeled mouse anta-rahfait IgG ttV antihSdiS. detected wi t h con) ugatea goat ana-human imp* - 

f UntranstomH hmlp.rti n nnH nn&.d bv Trnn.FnnmPrl 1 a ntibody. B ot B was detected witn coniuEated^oat 



boiled (3&-V f and imfroile.d f4YPiirificirl CTB boiled T6^and 
unboiled (7); MarkerjS). 



anti-human IgA antibody. 
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EISA Nuclear transformation of potato plants 



98 

— 64 

— 50 
30 



Relative 
frequency 



Figure-3: Western Blot of transgenic potato tubers, cv 
■Deslree. 30 tig of tuber protein was loaded per lane and 
probed with anti-HSA antibody. 1 : wild type; 2: 40 tj^ of , 
pure HSA; 3- 8: different trangenic lines, showing ; 
ditterent levels of expression. ~ 




0 0.02 0.04 0.06 O.OB 0.1 0.12 0.14 0.1 6 0.18 0.1 



» Expression of HSA by chloroplast 
vectors in E. coli. 



% HSAr in the total s oluble pro te in 
j Figure "9: Frecuency histogram including percentage, 
... Kennebec and Desirde transgenic plants expressing^ 
different HSA levels. Kesuits are snown as tne 
percentages of tran sgenic plants (vertical axis) thaL_ 
express a specific level of HSA of the t ornl snlnhlg . 
protein (horizontal axis). 




Codon composition and expression levels. 



Western tiiat nt 



extracts. 1 : 50 ng niire HSA: 2: molecular weigh 
marker: *V nl.n.RSA (control wit hout RBSV. ~ 
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Table 1: Unmodified native codon composition and expression 



PLD- 5'tJTR-HSA- V nl, ^RBS-HSA: 6: oLD- 
QRF1+7-KfSA- 7- R mli without pLD vector. 



levels observed in transgenic chlorop lasts. See section d) Tor 



details of AT content %psb A optimal codons and % of codons 
; cp tRNA pool. TsP: % total soniDle protein 



that match the < 
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i 



F.Ttnression nf HSA. via cnlnronlast genome in tobacco. 

12 3 




VTITR-HSA: 6- nLD-KHS-HSA; 7: pLD- 
"rtRW+l-HSA. 30 micrograms Of Plant protein. 



•were loaded per welL 



■PCR analysis of tron.sfnrmants to determine Intend ™ "f gene into tl.e chloroplast genome 



Natural 

chloroplast DNA 




1600 bp 



o 



MjuIU cloning 
site 




pUO Vector 



26 



3P 



1650 bp 



3M. 



ffigura 10: A) Map 




xjLD chloroplast 



Malformation vector and pnmer lan ding sites. Bl . 

" ~ piainuag PUK products using total 



Agarose gel coni 




nRM+li^^J ' tK-'Hb jA; 7.14: negative nnntrnla 

(from untaujstoimed plants); 3 : mutant 
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28. 

Figure 2 




29. 
Figure 3" 



30. 
Figure 4 
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Molecular 
Weight Marker 

PsbAS'UTR- 
200bp 

PsbAS'UTR- 
200bp 

Negative 
Control (no 
template) 



5CP- 
Synth'esis 



re j (above): cloning of the PsbA 5' untranslated 
. (5'UJR) from the chlorplast genome 
ire 3~(rjelow): a comparisison of the DI^ Ai j^rpftnr.fls of native 
.1 proinsulin (top) and plastid modified proinsulin Cbottorn) 

tgaaccaacacctgtgcggctcacacctggtggaagctctctacctagtgtgcggg 

i iiiiinii i ii n n inn ii 1 1 1 1 1 1 i mi mi ii ii 

taaaccaacacttatgtggttctcacctagtagaagctttatacttagtatgtggt 
gaggcttcttctacacacccaagacccgccgggaggcagaggacctgcaggtgggg 

I II I HI II I II 1 1 II II II. II II II II II M I II II II 

gtggtttcttctacactcctaaaactcgtcgtgaagctgaagatttacaagtaggt 




MW 
Marker 



Figure 2 (above): SOEing of th^ VTITR to the 



CTB- human proinsulin sequence. 5CP is the 
PSbA 5'UTR and the Cholera Toxin B subunit 
(CTB) hurgan proinsulin lusion 



Figure 4 (below): Recursive PCR to synthesize 



the chloroplast modified proinsulin (Ptpns) 

PTPris 280 bp 



tggagctgggcgggggccctggtgcaggcagcctgcagcccttggccctggagggg 

i ii in ii ii in i mi ii i n ii n ii mi n 

tagaattaggtggtggtccfcggtgctggttctttacaacctttagctttagaaggt 
:tgcagaagcgtggcattgtggaacaatgctgtaccagcatctgctccctctaccag 

I II II Mill Mill 1 1 1 1 1 1 1 1 Mill II M II I Mill 

.tacaaaaacgtggtattgtagaacaatgttgtacttctatttgttctttataccaa 

jagaactactgcaacta Native Human Proinsulin 
I I I II MM Mill • ^ . n . 
jaaaactactgtaacta Chloroplast Modified Promsulin wt 
■ ^ MW 



5CPTP 
PCR 



PTPris PC 



PTPris P 



MW 
Marker 




Clone: 



O Oi^ON CM 



4000 
3000 





2000 
1650 



A^lgure 6 (above): PCR products to conlirm construcT 
integration into the chloroplast genome using two primers, 3P 
and 3M. 3P anneals to the native chloroplast genome and 3M 
anneals to the introduced spectinomycin resistance gene, aadA, 
creating a l^gO bp product only in transgenic clones ■ 

Figure 5 (left): SOEing of the 5'UTR, CTB, and plastid 
modified proinsulin, which results in the fusion of all three 
sequences denoted as 5CPTP. The second lane show this 



promoter. IFNaS gene was cloned into the pLD using both sequences and bomb arded into tobacco 
leaves. Shoots appeared after 5 weeks and the second round of selection is in progress, 



« Expression of HS A via the chloroplast genome in tobacco. 





38. 

"Figured: Western W"of tobacco protein extracts. A) 1: 40 ng pure HSA; 2; molecular weight marker; 3,4,6; 
Untranslormed plant extracts; i>: extr act trom plan ts transformed with: PLD- 5 T U TR-HSA; 7: pLD- Orfl Orf2-HSA. B) 
-1 ! 4U rifr nure HSA: 2: molecular w eifiht marker; 3 .5: uniranst o rmea piam extracts; m extract trorn plftTm immfnr med- 
5; pLD-OrflQrte-R&A. 10 micrograms of plant protein were loaded in each well. 



3 



J 




Ecottl 



Uniformed Orfl O r€2-HSA 
9 



^—6,88 



Figure 2* Southern Blot nf HS A transgenic plants. Untransforme d tobacco DNA vs 
£a^ 

witfaTiUJ-RBS-HMA: b.b.7: y \ AJ-VosbA-HSA; tt,¥,lU: pLb-urn-^-ll^v. i^oy 
homoplasmy in all the clones except number 6. 




4.50— 




■2.27 



■ Northern blot analysis of HSA transgenic 
tobacco plants. 



* ELISA analysis of HSA transgenic tobacco 
plants. 




^polycistrons 



2 Kb monocistron 



Figure 3; Northern Blot ot MS A transgenic mams 
using 1-1MA probe n K Ich). 1: imtrar istormeq tobacco 



43.I 1 
figure 




-^uib^ **u-M of HSA t ransgenic plants. A-hA-2: HSA, 
^nHnrH, "Rlnnk: G/l-7' T Intrangtormed feUt Havan a, 

ProtHn ^tracts; proteins Jj™ ^ 




ggaccggagacgctctgcggggctgagctggtggatgctcttcagttcgtg 
tgtggagacaggggctttnatttcaacaagcccacagggtatggctccagc 
agtcggagggcgcctcagacaggcatcgtggatgagtgctgcttccggagc 
tgtgatctaaggaggctggagatgtattgcgcacccctcaagcctgccaag 

tcagct 



B 



ggtcctgaaactttatgtggtgctgaattagtagatgctttacaattcgta 
tgtggtgatcgtggtttctatttcaacaaacctactggttacggttcttct 
tctcgtcgtgctcctcaaactggtattgtagatgaatgttgtttccgttcti 
tgtgatttacgtcgtttagaaatgtactgtgctcctttaaaacctgctaaa 

tctgct * 



42. 



— 300 bp 
-1 — 200 
100 



Figured: A) IGF-I native sequence codin 
for the mature protein. B) optimize" 
sequence according to cmoroplast preferred 



:d 



rndnn usage. Note changes in red, v.} XOJtW ^ 



synthetic pene after recursive PGR. 



